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1. INTRODUCTION {#ijpo12529-sec-0005}
===============

Childhood obesity is one of the greatest public health challenges of our time. More than one third of children are affected by overweight or obesity by the time they leave primary school, and severe obesity within this group has reached its highest point yet, with stark social inequalities continuing to increase.[1](#ijpo12529-bib-0001){ref-type="ref"} The high risk of persistence of excess weight into adulthood heralds the development of comorbidities, lower quality of life, and reduced life expectancy. Successful interventions to prevent obesity in childhood should allow children to live longer, healthier lives, reduce health inequalities, and bring about future savings to health care systems and the wider economy. Childhood obesity prevention is a priority for the World Health Organization and national governments around the world. In England, the government has recently published Chapter 2 of its childhood obesity plan[2](#ijpo12529-bib-0002){ref-type="ref"} with an ambitious target to halve child obesity by 2030 and to reduce obesity inequalities between the least and most deprived.

As part of its strategy to monitor obesity in children, England has a comprehensive surveillance scheme---the National Child Measurement Programme (NCMP).[3](#ijpo12529-bib-0003){ref-type="ref"} Since 2006, local authorities have been required to measure and report children\'s weight and height in state‐maintained schools annually. The measurements are taken at school entry (Reception) when children are aged 4 to 5 years and in their final year of primary school at 10 to 11 years old. National coverage is over 95% of eligible children allowing accurate mapping of the prevalence of obesity nationally and at a local level. The data is cleaned, analysed, and reported at a national level, and anonymized data is made available for additional analyses.

The most recent data from the NCMP (2016/17) show that 9.6% of children in England are affected by obesity on starting school (defined as equal to or above the 95^th^ centile for BMI on the UK 1990 national references[4](#ijpo12529-bib-0004){ref-type="ref"}) with the prevalence of obesity increasing to 20% in children aged 10 to 11 years.[5](#ijpo12529-bib-0005){ref-type="ref"} Two thirds (68%) of children who have obesity at school entry continue to be affected 6 years later.[6](#ijpo12529-bib-0006){ref-type="ref"} Health disparities are stark with the prevalence of obesity in the most deprived decile of the population more than twice that in the least deprived, a gap which has widened over the last 10 years.[5](#ijpo12529-bib-0005){ref-type="ref"}

Leeds is an industrial city in the North of England with a population of over 800 000 with significant areas of disadvantage within its boundaries. In 2009, the city enacted a local obesity strategy which focused heavily on preschool children. The strategy was underpinned by the concept of progressive universalism, as propounded in England\'s National Service Framework for Children,[7](#ijpo12529-bib-0007){ref-type="ref"} offering population‐level interventions but aiming to provide disproportionate benefit to those in the most deprived areas.

We used data from the NCMP to examine secular trends in childhood obesity in the City of Leeds and relate our findings to the national picture and to local authorities of similar sociodemographic make‐up, focusing in particular on the differences in prevalence between areas of disadvantage and affluence. We were interested to explore if the focus of the Leeds obesity strategy would result in more positive outcomes for children in Leeds than in comparative cities or the country as a whole, particularly regarding Reception children and those in more deprived communities.

2. METHODS {#ijpo12529-sec-0006}
==========

The NCMP surveys primary school children annually and involves Reception children who are between 4.0 and 5.9 years of age and Year 6 children who are between 10.0 and 11.9 years of age. The NCMP is currently directed by Public Health England. Local Authority Public Health Departments commission, train, and oversee the measuring of weights and heights. All state primary schools in England are invited to participate; pupils are invited to participate on an opt‐out basis. Data are entered by using the NCMP electronic system and are collated by the Health and Social Care Information Centre.

We used Public Health England\'s online NCMP "Fingertips" data tool,[8](#ijpo12529-bib-0008){ref-type="ref"} which provides anonymized and "cleaned" data on the prevalence of underweight, healthy weight, overweight, obesity, and severe obesity for Reception and Year 6 children from 2006 to 2007 school year, when the NCMP was first implemented, until 2016/7.[5](#ijpo12529-bib-0005){ref-type="ref"} We focused on children identified as having obesity, defined as BMI \>95% on the UK 1990 growth reference.[4](#ijpo12529-bib-0004){ref-type="ref"}

We analysed the prevalence of obesity for both Reception (school entry, aged 4‐5 years) and Year 6 (10‐11 years) children from 2009‐2010 to 2016‐2017 using 5‐year aggregate data provided in the tool. The aggregate data, which provides information by local authority for quintiles of deprivation, is only available from 2009 to 2010 school year. Accordingly, this date was used as our baseline for the analysis, with data up to the latest figures available for 2016 to 2017 school year. This is similar to a moving average over the 8‐year study period (2009 to 2017) providing four data points. The data available, and used in our analyses, are only estimates of prevalence of obesity and their associated standard errors (sample sizes for all groups were not available).

We examined data for Leeds and compared this to the whole of England and also to the areas defined as Leeds\' closest sociodemographic comparators on the NCMP tool. The NCMP utilises the "Nearest Neighbours" measure,[9](#ijpo12529-bib-0009){ref-type="ref"} which was developed independently by the Chartered Institute of Public Finance and Accountancy (CIPFA) and is a commonly used public health comparator. It is based on a number of established indicators including population size, output area density, taxbase per head, proportion aged 0 to 17 years, proportion unemployed, in lower NS‐SEC (social) groups, in receipt of housing benefit, born outside the UK, and standardised mortality ratio. This score, created by CIPFA, is based on traditional Euclidean distance for any pair of local authorities using the (standardised) variables described above (see Appendix for further information on this method). The NCMP tool identifies only the 15 closest "neighbours" as an option when comparing ANY area (eg, Leeds, Birmingham, Warwick, etc.).

For Leeds, the 15 closest "neighbours" at the start of the study period in 2009 were Sheffield, Kirklees, Bristol, Newcastle upon Tyne, Coventry, Bolton, Wakefield, Derby, Bradford, Dudley, Medway, Liverpool, Swindon, County Durham, and Warrington.

We present the results descriptively for the whole population and for the most, middle, and least deprived quintiles based on the English Government Index of Multiple Deprivation (IMD) for small areas or neighbourhoods,[10](#ijpo12529-bib-0010){ref-type="ref"} to compare prevalence and trends. We used a simple linear model weighted by the standard errors reported for the prevalence estimates and compared unstandardized beta coefficients for the modelled trends using simple z‐scores. These are reported as *P*‐values where the null hypothesis is of equivalent trends. All three paired comparisons, Leeds vs Neighbours, Leeds vs England, and Neighbours vs England, are reported.

Ethical permission for this secondary analysis of anonymised data was not required.

3. RESULTS {#ijpo12529-sec-0007}
==========

In 2016 to 17, data were available for 95% of eligible children across England (see Table [1](#ijpo12529-tbl-0001){ref-type="table"}). In Leeds 9675 (91.4%) Reception children were measured and 7889 (90.4%) Year 6 children. Mean coverage for Leeds over the 8‐year period was 94.9% for Reception children (range 93.4%‐95.6%) and 87.6% for Y6 (range 66.9%‐96.5%); the lower coverage in Y6 being due to a data entry error involving entire schools in the system in two separate years and assumed to have occurred at random.

###### 

Levels of obesity in school children in England, Leeds, and Leeds\' 15 statistical neighbours: 5‐year aggregate data (prevalence \[SE\]) at start and end of the observation period 2009 to 2017: Figures are presented for the population and according to quintiles of deprivation\`. Obesity is defined as BMI \>95^th^ centile on the UK 1990 growth charts

                                 Reception     Year 6                                                  
  ------------------------------ ------------- ------------- ------------- ------------- ------------- -----------
  Leeds                          9.4 (0.14)    8.8 (0.13)    **\<0.005**   19.7 (0.22)   19.6 (0.21)   0.6
  Neighbours                     9.8 (0.06)    9.8 (0.05)    0.8           20.2 (0.08)   20.9 (0.08)   **0.005**
  England                        9.5 (0.02)    9.4 (0.02)    0.3           19.0 (0.02)   19.4 (0.02)   **0.02**
  Most deprived                                                                                        
  Leeds                          11.5 (0.25)   10.5 (0.23)   **0.01**      22.6 (0.39)   24.0 (0.37)   **0.009**
  Neighbours                     11.6 (0.11)   11.7 (0.10)   0.5           23.6 (0.16)   24.9 (0.16)   **0.007**
  England                        12.0 (0.04)   12.0 (0.04)   0.8           23.9 (0.05)   24.9 (0.05)   **0.004**
  Average level of deprivation                                                                         
  Leeds                          8.3 (0.36)    8.4 (0.35)    0.9           19.3 (0.60)   18.1 (0.55)   **0.03**
  Neighbours                     9.0 (0.15)    8.7 (0.15)    0.1           19.3 (0.22)   19.3 (0.22)   0.7
  England                        9.1 (0.04)    8.9 (0.04)    0.2           18.7 (0.06)   18.8 (0.06)   **0.02**
  Most affluent                                                                                        
  Leeds                          6.8 (0.34)    6.0 (0.29)    **0.03**      14.9 (0.53)   12.9 (0.45)   **0.008**
  Neighbours                     6.5 (0.19)    6.1 (0.15)    0.1           13.9 (0.26)   13.1 (0.21)   **0.02**
  England                        6.7 (0.04)    6.3 (0.03)    **0.03**      13.4 (0.05)   12.7 (0.05)   **0.003**

*p* \< 0.02. Bold figures indicate statistical significance.

From 2009‐2010 to 2016‐2017 in Leeds, the prevalence of obesity for children in Reception fell significantly from 9.4% to 8.8% (*P* \< 0.005), representing a 6.4% reduction in the proportion of children with obesity. By comparison, data from Leeds\' statistical neighbours and England overall showed no change in the prevalence of obesity (Figure [1](#ijpo12529-fig-0001){ref-type="fig"}). The prevalence of obesity in children in Year 6 in Leeds remained stable over the period of the study but increased in the statistical neighbouring cities and for England as a whole (see Figure [2](#ijpo12529-fig-0002){ref-type="fig"}).

![Levels of obesity in children in reception year (aged 4‐5 yrs) in England, Leeds, and Leeds\' 15 statistical neighbours: 5‐year aggregate data between 2009 and 2017. Obesity is defined as BMI \>95^th^ centile on the UK 1990 growth charts](IJPO-14-na-g001){#ijpo12529-fig-0001}

![Levels of obesity in children in year 6 (aged 10‐11 yrs) in England, Leeds, and Leeds\' 15 statistical neighbours: 5 year aggregate data between 2009 and 2017. Obesity is defined as BMI \>95^th^ centile on the UK 1990 growth charts](IJPO-14-na-g002){#ijpo12529-fig-0002}

In Leeds, the reduction in the prevalence of obesity amongst children in Reception occurred principally in the most deprived quintile where it fell significantly from 11.5 to 10.5% (*P* = 0.01) representing a relative reduction of 8.7% in children affected by obesity (Table [1](#ijpo12529-tbl-0001){ref-type="table"} and Figure [1](#ijpo12529-fig-0001){ref-type="fig"}). By contrast, there was no change in the prevalence of obesity for children from the most deprived areas in Leeds\' statistical neighbours or for England overall. There was also a reduction in the prevalence of obesity in children from the most affluent areas in Leeds of 0.8 percentage points (6.8% to 6% \[*P* = 0.03\]). This compared with a reduction of 0.4% for England as a whole and no significant change for Leeds\' statistical neighbours.

Amongst children in Year 6, the prevalence of obesity increased amongst children from the most deprived areas in all three populations. For children from the most affluent quintile in Leeds, there was a reduction of 2% (14.9% to 12.9%; *P* = 0.008), whereas the decrease in England and Leeds\' statistical neighbours was less than 1%. Only Leeds showed a reduction in the prevalence of obesity for children in the middle quintile of deprivation.

3.1. Statistical comparison of trends {#ijpo12529-sec-0008}
-------------------------------------

In reception aged children, direct statistical comparisons of trends corroborate the descriptive findings. There were statistically significant differences in the trends in obesity in Leeds compared with England overall and in the most and least deprived group. A similar pattern was observed when comparing Leeds vs statistical neighbours with a significantly different trend in the overall prevalence of obesity and in the most deprived groups. Comparisons between England and Leeds\' statistical neighbours showed no significant differences between trends across all deprivation levels or overall (see Table [2](#ijpo12529-tbl-0002){ref-type="table"}).

###### 

P‐values for comparison of trends[a](#ijpo12529-note-0001){ref-type="fn"} (9/10 to 16/17) between Leeds, Leeds\' statistical neighbours, and England. Comparisons presented by the two age groups overall and stratified by deprivation level (values rounded to four decimal places)

                   Leeds vs neighbours   Leeds vs England   Neighbours vs England
  ---------------- --------------------- ------------------ -----------------------
  Reception                                                 
  Overall          \<0.001               \<0.001            0.3861
  Least deprived   0.0873                0.0122             0.6872
  Avg deprived     0.1430                0.5201             0.1701
  Most deprived    \<0.001               \<0.001            0.4448
  Year 6                                                    
  Overall          \<0.001               \<0.001            \<0.001
  Least deprived   \<0.001               \<0.001            0.2669
  Avg deprived     \<0.001               \<0.001            0.3468
  Most deprived    0.4016                0.0041             0.0224

These are based on a simple z‐score obtained from comparing the two unstandardized beta coefficients equivalent to the estimated trend for each locality and using their associated standard errors. For example, for Reception, the estimated linear trend (SE) for Leeds was −0.2 (0.013) whilst for its neighbours was −0.01 (0.03) giving a Z‐score = ((−.2) -- (−0.01) /sqrt((0.013\^2)+(0.03\^2)) = −5.75; *P*‐val \< 0.001.

For children in Year 6, comparisons between Leeds and other areas by quintile of deprivation were significantly different in all except when comparing trends for Leeds vs statistical neighbours in the most deprived group. Comparison between England vs statistical neighbours was significant in the most deprived group and overall but not for the other two deprivation groups (see Table [2](#ijpo12529-tbl-0002){ref-type="table"}).

4. DISCUSSION {#ijpo12529-sec-0009}
=============

Our analysis has shown that trends in the prevalence of obesity amongst children in Leeds differ significantly from its closest statistical neighbours and for England as a whole. The difference is most marked for children in Reception, where there has been a statistically and clinically significant reduction in the prevalence of obesity of 6.4%, representing 1 in 16, or approximately 625, fewer Reception children with obesity in the city in 2016 to 2017. Of particular note is the finding that this reduction in the prevalence of obesity was principally amongst the most disadvantaged populations in the city, leading to reduced socioeconomic inequalities in the prevalence of obesity. Older children in Leeds also fared better than elsewhere, with no significant increase in the prevalence of obesity, whilst the prevalence increased for its closest sociodemographic neighbours, and for England as a whole. However, this relative advantage was mostly attributable to reductions in the prevalence of obesity in children from the most affluent families, and, at this age, in common with other parts of the country, socioeconomic inequalities in obesity increased.

The prevalence of obesity in childhood has risen dramatically worldwide in less than one generation.[11](#ijpo12529-bib-0011){ref-type="ref"} However, there are recent reports of cities that are demonstrating noteworthy declines in childhood obesity. Amsterdam, a city equivalent in size to Leeds, and renowned for its resolve to eradicate child obesity by 2030, has reported a reduction in obesity of 1.7% for 5 to 10 year olds in disadvantaged areas over 3 years.[12](#ijpo12529-bib-0012){ref-type="ref"} Although the decline in Leeds is smaller, at 1% (with the data confined to younger children), it is the first report of its kind in the UK.

Also worthy of comparison is data reported in the American Child Obesity Declines Project (CODP).[13](#ijpo12529-bib-0013){ref-type="ref"} In this study, four cities that demonstrated a decline in child obesity prevalence were chosen for special in‐depth study to identify lessons that could assist others in their attempts to reduce obesity. Leeds\' relative decline of 6.4% in school entry children compares well with these US cities whose relative declines over a 4 to 7‐year period were 2.2% in grades K, 1, and 3 in Anchorage, AK; 4.7% in obesity in grades K‐8 in Philadelphia, PA; 5.5% in obesity in Grades K‐8 in New York City, NY, and 17.5% (for overweight and obesity) in 2 to 4 year olds in Granville County, NC.

Why might Leeds be showing such different trends in childhood obesity compared with the rest of England and particularly its statistical neighbours? One hypothesis might be that Leeds is becoming increasingly gentrified. However, data from the Index of Multiple Deprivation, calculated from the national census, indicate that this is not a plausible explanation as the IMD for Leeds in fact rose from 25.8 to 26.6 over the period of this study, representing an increase in disadvantage for the city as a whole. In any event, gentrification would not account for the reduction in the gap that was found between the affluent and the deprived. It is however noteworthy that Leeds\' citywide childhood obesity strategy, implemented in 2009, focused on preschool children. This might explain the discordance between findings for 4 to 5 and 10 to 11 year olds. At its core was the delivery of HENRY,[14](#ijpo12529-bib-0014){ref-type="ref"}, [15](#ijpo12529-bib-0015){ref-type="ref"}, [16](#ijpo12529-bib-0016){ref-type="ref"}, [17](#ijpo12529-bib-0017){ref-type="ref"}, [18](#ijpo12529-bib-0018){ref-type="ref"} a preschool obesity prevention intervention that trains health and early years\' practitioners working with young families in its approach, along with a range of programmes for parents and young children in community settings. In Leeds, HENRY was primarily implemented in Children\'s Centres in the city\'s most disadvantaged neighbourhoods,[19](#ijpo12529-bib-0019){ref-type="ref"} which provides a putative explanation for reduction in disparities observed amongst children in Reception classes.

Our report\'s strengths lie in the use of robust growth data which is collected nationally with high coverage across the country and allows comparison between local authorities that have been independently assessed to be statistically similar. We used data accessed via the NCMP Fingertips tool as the basis of the analysis, which presents the data on health disparities in 5‐year aggregate form only starting from 2009 to 2010, giving an 8‐year spread. This precluded more in‐depth analysis of trends and limits the complexity of the models that could be used for its analysis. The use of aggregate data also meant that these comparisons are not independent because the data for England includes Leeds as well as its statistical neighbours. This increases the biases in our comparisons towards the null for the comparison between statistical neighbours and England. By the nature of this observational study using routine data collection, we cannot ascertain how actions taken in Leeds might relate to the differences observed with its nearest neighbours or England as a whole.

In summary, Leeds has shown an impressive decline in childhood obesity when compared with the rest of England and its closest sociodemographic neighbours. This decline is particularly evident in preschool children living in the city\'s most disadvantaged neighbourhoods. A recent evidence synthesis from the European Commission exploring the impact of interventions on health disparities shows a remarkable lack of interventions reported according to socioeconomic status and disadvantage.[20](#ijpo12529-bib-0020){ref-type="ref"} The USA has taken a lead in pragmatically studying cities showing declines in child obesity. Given the findings reported here, the obesity strategy in Leeds merits further exploration to understand the factors that may have led to its success in reducing the prevalence of obesity and narrowing social inequalities, and to compare this with approaches taken in other cities. Lessons learned may well inform action elsewhere.
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Table S1: Prevalence (SE) of Obesity by temporal grouping in the *Reception group*.

Table S2: Prevalence (SE) of Obesity by temporal grouping in *Year 6*.

###### 

Click here for additional data file.
